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EZHEBIMEMIAL DOWHWASH AHD WAKE CHAEACTERISTICS AT STBSONIC AED 

SDEEESONIC MACH E^D^©EES BKHIN D AN TJNSWEIT, TAPEBED WING OF 

ASPECT EATIO 2,67 WITH EEADIHG- AND TRAILIHG--EDGEE FLAPS 

By Harold J. Walker, Louis S. Stivers, Jr«, 
and Lubber Beard, Jr. 


SDMMAET 


The effect of Mach number on the characteristics of the dorawash 
and "wake behind an unswept, tapered wing of aspect ratio 2.67 with 
full— span, 25-percent--chord, leading— and ‘tarailing— edge flaps has been 
determined from wind- tTjnnel tests. The wing section was uniformly 
8-percent chord thick between the 25— and 75-percent— chord points, and 
tapered to shaxp leading and trailing edges. The results are presented 
for Mach nuntoers between O. 5 O and 0.95 and between 1.09 and 1.29 with 
ranges of leading— edge flap deflection from -20° to 10° and of trailing— 
edge flap deflection from 0° to liO°. The Reynolds numbers, based on the 
mean aerodynamic chord, "varied from 0.9^ X IC^ to 1.27 X 10 . The down- 
wash angles at the 25 —, 50 —, and 62 . 5 — percent— semispan stations were 
measured for angles of attack between — 12 ° and 12 ° at a distance of I .80 
mean aerodynamic chord lengths downstream from the midchord line of the 
wing. The location and thickness of the wake at the 50-p>er6ent— semispan 
station were measured for angles of attack between — 7 .^° and 13.0° at a 
distance of mean aerodynamic chord lengths downstream from the 

midchord line of the wing. 

In general, the variation of downwash angle with angle of attack 
was not significantly affected by Mach nuufcer. In the Mach number 
ranges investigated, differences in the rates of change of downwash 
angle with lift coefficient (at zero angle of attack) for the various 
combinations of flap deflection were found which are believed to be due 
principally to differences in spanwise load distribution. For the wing 
with undeflected flaps, the calculated values of the rates of change of 
downwash angle with lift coefficient appe^ed to be in accord with the 
trend of the experimental values at the subsonic Mach numbers. 

The effects of Mach number, angle of attack, and flap deflection on 
the wake thickness were. In general, those that would normally be 
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expected. The variation of valce location vlth angle of attack was non- 
linear for the configurations involving large flap def lections j and was 
essentially Independent of Mach number. Kor the wing with undeflected 
flaps, the experimental and calcialated locations of the wake (vortex 
sheet; expressed as a function of lift coefficient were in reasonahle 
agreement, 


IHTRODUCTIOK 


Previoiis investigations of the downwash and wake behind lifting 
surfaces at subsonic and supersonic Mach numbers have been concerned 
largely with wings having no control surfaces, althou^ some attention 
has been given to the effects of •faralli ng-edge flap deflection in the 
investigations reported In references 1 and 2, The results presented 
in these references, however, are only for hl^-aspect-ratlo wings at 
low speed. In general, little Is known of the effects of coninrol— surface 
deflection at high subsonic and at siipersonic Mach numbers. 

The present investigation was \mdertaken in the Ames 1— by 3-l/S— 
foot high-speed wind tunnel to provide some experimental evidence of the 
effects of leading— and tralling-edge . flap deflections on the character— 
istlcs of the downwash and weike behind a low-^spect-^atlo wing at sub- 
sonic and supersonic Mach numbers* In this investigation, measurements 
have been made of the downwash angles at three spanwlee stations and of 
the location and thickness of the wake at one spanwlse station behind a 
semispan model for various angles of attack and combinations of flap 
deflections. Comparisons between the experimental and calculated effects 
of Mach number on these characteristics are Included for the case of 
undeflected flaps. 


SYMBOLS 


c 

c” 



M 

q 


chord length of wing section 
wing mean aerodynamic chord length' 


( 


f c^dy \ 

/ c dy/ 


lift coefficient 



Mach number 

free— stream dynamic pressure 
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E Beynolds number based on mean a^odymmtc chord 

s vlng semispan 

S vlng area 

t wing thickness 

r,y,z Cartesian coordinates in the longitudinal, lateral, and Tertical 
directions, respectively, with the origin at the quarter-chord 
point of the mean aerodynamic chord, and with the z axis 
coinciding with the line of intersection of the plane of the 
wing and the vertical plane of symmetry 

a wing angle of attack, degrees 

e downwash angle measured with respect to the free— stream direction, 

degrees 

5^ trailing— edge flap deflection, measured in a plane normal to the 

hinge line (positive when the trailing edge is below the chord 
plane) , degrees 

5 leading-edge flap deflection, measured in a plane normal to the 

hinge line (positive when the leading edge is above the chord 
plane ) , degrees 

6jr Jet-boundary correction factor to the downwash angle 


APPARATUS 


The tests were conducted in the Ames 1— by 3— l/2— foot high-speed 
wind tunnel, which was equipped with a flexible throat to permit opera- 
tion at both subsonic and supersonic Mach numbers. 

A semispan model of a wing having an aspect ratio of 2,6j, a taper 
ratio of 0.5^ and an unswept 50-percent-choid line was used in the 
Investigation. The wing sections were symmetrical and tapered from a 
thickness of 8 percent of the chord between the 25— and 75— percent- 
chord points to sharp leading and trailing edges. The wing was equipped 
with full— span, 25— percent-chord, plain, leading— and trailing— edge 
flaps having hinge lines which coincided with the 25— and 75— percent- 
chord lines. The model was constructed of steel to the dimensions shown 
in figure 1, and its surfaces were ground and polished. The leading— 
and trailing— edge radii were approximately 0.002 inch. 
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A clrctilar plate mcmiited flush vlth the tunnel wall (fig. 2) served 
as a support for both the model and the apparatus for measuring the down- 
wash angles. The angle of attack of the model was varied hy rotating 
the entire plate assenibly. 

The downwash angles were measured hy means of the small prohe illue- 
trated in figure 1. The head of the probe was hemispherical and contained 
two orifices located symmetrically with respect to the probe axis in a 
vertical plane through this axis. The downwash single relative to the 
free— stream direction was determined hy pitching the probe to the angle 
at which the pressure difference between the orifices was zero. The 
downwash angles could be measured to the nearest 0.1° by means of this 
prohe. Total— pressure surveys of the wake from the model were made with 
a rake consisting of fifty l/l6— inch-diameter tubes spaced at q.uarter— 
inch intervals. (See fig. 2.) 


TESTS 


Downwash angles were measured at the 25—^ ^O—, and 62.5— percent— 
semispan stations at a distance of 1.80 mean aerodynamic chord lengths 
downstream from the nddchord line of the wing and 0.51 mean aerodynamic 
chord lengths above the extended chord plane of the wing (fig. l) at 
angles of attack from —12° to 12° and at Mach numbers from 0.50 to 0,95 
and from 1.09 to 1.29 for the following combinations of leading- and 
trailing— edge flap deflect 1ms: .. ... ... 


degrees 


0 

-10 

ID 

0 

10 


degrees 


0 

0 

0 

20 

20 


At Mach numbers near unity, the range of angle of attack was limited by 
wind— tunnel choking. Satisfactory measurements of the downwash angles 
could not be made at the angles of attack for which the probe was located 
in the turbulent flow in the region of the wake, For these tests, the 
Reynolds numbers, based on the mean aerodynamic chord, varied from about 
0.9^ X 10° to 1,27 X IC^, as shown in figure 3. 

The invest igatim of the wake, which was made independently of that 
of the downwash, included measurements at several angles of attack 
between — Etnd 13.0° of the locatlms of the bomdaries of the wake 
and of the point of maxiTmmi total-pressure defect, but not of the 
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magnitudes of the pressure defects. The wake measurements were deter- 
mined at the 50 “pe 3 rcent-Bemispan station at a distance of 4.7^ mean 
aerodynamic chord lengths downstream from the midchord line of the wing 
at Mach numbers from O .50 to 0.85 and at 1.20 and 1.29 for the following 
combinations of flap deflections: 

degrees 5^^ degrees 


0 

0 

10 

0 

0 

20 

10 

20 

-10 

20 

-20 

40 


All the tests were made with the gaps between the wing and the flaps 
unsealed. 

CQRRECTI033S TO DATA 


Stream-angle surveys with the model removed from the tunnel were 
made in a vertical plane at each sparwise station for the range of Mach 
numbers Investigated. The stream angles, which were generally less than 
±0.3°^ were applied as corrections to the msasured downwash angles. 

The geometric angles of attack were corrected for the effects of 
the tunnel walls at siibsonic Mach numbers by the method of reference 3« 
The correction, which is shown in reference 4 to be independent of Mach 
number, is given by the expression 


Ax = 0.51 Cj^ 


Corrections for the tunnel-^fall effects at stibsonic Mach numbers 
were applied to the measured downwash angles according to the method of 
reference 5- This correction reduces to the expression 


Ae = 2.24 5yCL 


in which the factor was determined for an elliptic spanwise loading 

on a 5—im.ch— semi span lifting line located in the center of the 3— 1 / 2 — foot 
dimension of the tunnel. Values of corresponding to the various 

subsonic Mach numbers were determined :^om figure 4 of reference 6. 
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RESDHPS AHD DISCUSSION 
Downvash Characteristics 

Variation of doynwash angle vith angle of attack .— The variations 
of^the downwash angle v^th angle o^attack for the various combinations 
of leading— and trailing— edge flap deflections are presented in figures 
aJid 6 for the 25 —^ 50 — ^ aiid 62 . 5 — percent— semispan stations, 
respectively. The increase in the slopes of the curves vith increase 
in angle of attack, evident in these figures, is characteristic of 
downvash measurements made at a point situated above the vake at a 
fixed distance from the wing chord plane, and is due to the decrease in 
the distance between this point and the wake as the angle of attack is 
increased. 

The irregularities appear iiig in some of the curves of figures 4, 5^ 
and 6, notably those corresponding to the leading-edge flap deflection 
of —10° and to several of the supersonic Mach nuafisers, cannot be satis- 
factorily explained on the basis of the available data. The influence 
of the wake and the effects of shock waves may have been contributing 
factors. The failure of the curves for the case of undeflected flaps to 
pass through the origin at the higher Mach numbers may possibly be 
attributed to undetermined local stream angularities due to the presence 
of the model and to rttw.ii misallnements of the flaps. It would be 
expected that these same effects influenced the downwash characteristics 
behind the wing vith the various combinations of flap deflections. 

Bate of change of downwash angle vith angle of attack .— The effect 
of Mach number on the rate of change of downwash angle with angle of 
attack at zero angle of attack (i.e., (de/da)^^) is shown in figure 7 
for each of the curves presented la figures k, 5^ aJid 6. It is observed 
in figure 7 that the effects of Mach number on (de/da)a^ corresponding 
to the various flap deflections differ considerably at Mach nxuBbers 
greater than about 0.8. The differences are believed to be due princi- 
pally to the previously noted irregularities in the variation of downwash 
angle with angle of attack, . . , 

Since the downwash is directly related to the lift of the wing, some 
similarity would be expected between the effects of Mach number- on 
(de/da)o^ (fig. 7) and (dCjydja.)^^. Values of (dCjyda)^^ for the 
several combinations of flap deflections were determined from the data of 
references 7^ 8^ and 9 (obtained from tests of the wing model of the 
present investigation) and are presented in figure 8 as a function of 
Mach nunber. Calculated lift— curve slopes are also included in figure 8, 
but only for the wing with undeflected flaps. A comparison of figures 
7 and 8 reveals that the expected similarity is evident at the subsonic 
Mach nurbers below 0.6 for each combination of flap deflections, and at 
the supersonic Mach numbers only for the case of undeflected flaps. 
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The effect of flap deflection on the rate of change of downwash 
angle would be espected to be less pronounced if expressed in terms of 
lift coefficient rather than angle of attack. Curres of (de/dCL)(X=o 
as a function of Mach number therefore were determined from figures 7 
and 8, and are presented in figure 9- The spread of the curves in 
figure 9 is believed to be due largely to differences in the spanwise 
load distributions for the several combinations of flap deflections. 

The spanwise variation of (lie/dCj^)^^^^ for Mach numbers of 0.50 
and 0.80 is shown in figure 10. . The rapid reduction in the outboard 
direction of the values for the case of negative leading— edge flap 
deflection would Indicate that the spanwise loading for this case was 
largely concentrated near the vertical plane of symmetry. 

Values of (d.€/dCj^)o^ in the vertical plane of symmetry of the 
wing were calculated for the wing with undeflected flaps and are compared 
in figure 11 with the corresponding experimental values between the 25— 
and 62.5— pe3^cent— semispan stations for Mach numbers of 0.50 , 0.70, 0.80, 
0 . 90 , and 1.25. The calculations for the subsonic Mach numbers were 
determined hy the lifting— line method of reference 1, assuming the span- 
wise load distribution on the wing to be elliptical. This spanwise 
loading was approximated by superposing five unswept Divert ices at the 
location of the quarten-chord point of the msan aerodynamic chord. The 
effects of compressibility were Included using the relations for linear— 
ized compressible flow. The calculation for the supersonic Mach number 
was made by the lifting— line method of reference 10. The calculated 
values of ('ie/dCL)^^ appear to be in accord with the trend of the 
experintental values except at the supersonic Mach number, for which the 
actual spanwise loEid distribution is believed to have differed consider- 
ably from the assumed elliptic distribution. 


Wake Characteristics 


The positions of the boundaries of the wake and of the point of 
maylTtmm total-pressure defect at the 50 — percent— semispan station at a 
distance of it-.7^ mean aerodynamic chord lengths downstream from the mid- 
chord line of the wing are presented in figure 12 for the various combi- 
nations of leading— and trailing-edge flap deflections. The locations 
of the boundaries of the wake and of the point of Tna-yl Tmim total— pressure 
defect above the extended chord plane of the wing are shown for angles 
of attack ranging from —7.^^ to 13° and for Mach numbers between 0,50 
and 0,85 and at 1,20 and 1,29. 

It is noted in figure 12 that, except at the supersonic Mach nunbers 
for the wing at the highest angles of attack, the point of ■mPLYlimm total- 
pressure defect lies approximately midway between the bcfundaries of the 
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vake. The asymmetry of the vake hoimdarles at the supersonic Mach 
nuuibers is believed to he the result of coniDlned effects of shock waves 
and boundary-layer separation, on the wing. The variations of wake thick- 
ness accompanying changes In Mach number, angle of attack, and flap 
deflection are such as would normally be anticipated on the basis of the 
corresponding drag characteristics, (See references 7^ and 9») 

A discussion of the location of^ the wake is facilitated by means of 
figure 13 in which the variation of the location of the point of maxi rnixm 
total-pressure defect with angle of attack is shown for the various comt- 
binatlons of flap deflections at several Mach nirmbers. The locations 
are seen to be essentieilly independent of Mach number except in the cases 
of positive leading— edge flap deflection at a Mach number of 1.29 (indi- 
cated by broken lines). The nondependence of wake location on Itech 
number has been observed experimentally in the investigation reported in 
reference 6, in which the wake characteristics were determined behind a 
triangular wing without flaps. It is also evident in figure 13 that the 
effect of angle of attack on the location of the wake is nonlinear for 
the confclnations Involving large deflections of the flaps. 

In figure 13> an abrupt upward displacement of the point of maximum 
total— pressure defect is noted at the highest angles of attack for the 
wing with undeflected flaps. This upward displacement, as explained in 
reference 6, is believed to correspond to the appearance, at these high 
angles of attack, of the rolled-^ portion of , the wake In the vicinity 
of the plane of the survey rake as a result of an Increase in the part 
of the spanwise load carried neeir the vertical plane of s y mm etry. Evi- 
dence of the rolled-^ip portion of the wake is not apparent in the data 
for the wing with deflected flaps. 

The location of the points of maximum total-pressure defect (vortex 
sheet) with respect to the extended chord plane of the wing for the case 
of the undeflected flaps is shown in figure 1^ as a function of lift 
coefficient. Calculated vertical locations of the vortex sheet at the 
50-percent-6emispan station and of the center of the tip-vortex core 
were determined from references 11 and 12 for an assumed elliptical 
spanwise loading, and are also included in this figure. The locations, 
when caicxilated with respect to the extended chord plane of the wing, 
depend on the angle , of attack, which, since the lift curves corresponding 
to the various combinations of flap deflections were essentially linear 
(reference 7), ceui be more conveniently expressed In terms of the lift- 
curve slope. Experimental rather than calculated lift-<Jurye slopes 
were employed In order to eliminate the influence of the knjcwn differ- 
ences in these slopes In a coaqparison of the calculated and experimental 
wake locations. Eather than present the calculated locations of the 
vortex sheet and tip-vortex core for each Mach nuaiber, regions are shown 
having boundaries which were determined by the maximum and minimum slopes 
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given in figure 8 (viz., 0.0432 and 0.0536 c corresponding to Mach nunfoers 
of 0.50 and 1.09^ respectively, for the ving vlth undeflected flaps). 

It is observed in figure l4 that the experimental points for lift 
coefficients less than about 0.2 lie belov the calculated region, and 
thus Indicate that the vortex sheet "was located below the extended 
chord plane of the wing at zero lift. (See also fig. 13). This effect 
is believed to have been due to misalinement of the flaps- If the 
downward displacement of the experimental points in figure 13 were teiken 
into account, the agreement between the experimental and calculated wake 
locations would be considered satisfactory. It is seen in figure l4 
that at the highest lift coefficients only the experimental points for 
the lower Mach nunbers lie within or near the calculated region for the 
tip— vortex core. 


COHCI/ODIIJG EEMBEKS 


The present investigation employing a wing of aspect ratio 2.67 
with leading— and trailing— edge flaps reveals that, in general, there 
are no marked effects of Mach number on the variation of downwash angle 
with angle of attack for the various combinations of flap deflections 
at a distance of 1,80 mean aerodynamic chord lengths downstream from the 
midchord line of the wing. In the range of Mach mnttoers investigated, 
the rates of change of downwash angle with lift coefficient (at zero 
angle of attack) differ for the various flap deflections due, it is 
believed, to differences in spanwise load distribution. For the wing 
with undeflected flaps, the calculated values of the rates of change of 
downwash angle with lift coefficient appear to be in accord with the 
trend of the experimental values, except at the supersonic Mach number 
at which the couparison was made. The actual spanwise load distribution 
at this supersonic Mach number is believed to have differed considerably 
from the assumed elliptic distribution. 

The effects of Mach number, angle of attack, and flap deflection on 
the wake thickness at the 50 — percent-semi span station at a distance of 
4.74 mean aerodynamic chord lengths downstream from the midchord line of 
the wing are generally consistent with those that ml^t he anticipated. 
Except for the cases of positive leading— edge flap deflection at a Mach 
number of 1 . 29 , the location of the wake is essentially independent of 
Mach number. The variation of wake location with angle of attack is 
nonlinear for the configurations involving large deflections of the 
flaps. For the wing with undeflected flaps, the experimental EUDd calcu- 
lated locations of the wake (vortex sheet) expressed as a function of 



10 


HACA EM A5IB16 


lift coefficient ea:e in reasonable agreement except at several of the 
highest lift coefficients. 


Ames Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Moffett Field., Calif. 


EEFEEENCES 


1. Silverstein, Abe, and Katzoff, S. : Design Charts for Predicting 

Downwash Angles and Wake Characteristics Behind Plain and Flapped 
Wings. NACA Eep. 648, 1939* 

2. Silverstein, Abe, Katzoff, S., and BulliVant, W. Kenneth: Dovnwash 

and Wake Behind Plain and Flapped Airfoils. NACA Eep. 651, 1939» 

3. Glaiiert, H.: Wind-Tunnel Interference of Wings, Bodies, and Air— 

screvs. E.&- M. No. 1566, British, Sept,, 1933* 

4. Goldstein, S., and Young, A. D.: The Linear Perturbation Theory of 

Compressible Flow with Applications to Wind-gunnel Interference. 
B.& M. No. 1909 , British, July, 1943. 

5 . Swanson, Bobert S., and Schuldenfrei, Marvin J. : Jet-Boundary Cor- 

rections to the Downwash Behind Powered Models in Rectangular 
Wind Tunnels with Numerical Values for T— by 10-Foot Closed Wind 
Tunnels. NACA ARE 119, 19 ^ 2 , 

6. Walker, Harold J., and Stivers, Louis S,., Jr,: Investigation of the 

Downwash and Wake Behind a Triangular Wiilg of Aspect Ratio 4 at 
Subsonic and Supersonic Mach Numbers. NACA EM A50Il4a, 1950. 

7 . Stivers, Louis S., and Malick, Alexander W.: Wlnd-QMnnel Investi- 

gation at Mach Numbers from 0.50 to 1,29 of an TJnswept Tapered 
Wing of Aspect Ratio 2.67 With Leading— Trailing-Bdge Flaps — 
Traillng-Edge Flaps Deflected. NACA A50J09b, 1950. 

8. Stivers, Louis S., Jr., and Mlalick, Alexander W. : Wind-Tunnel Inves- 

tigation at Mach Numbers from. 0.50 to 1,29 of an tfnswept Tapered 
Wing of Aspect Ratio 2.67 With Leading- and Traillng-Edge Flaps — 
Leading-Edge Flaps Deflected. NACA EM A5QK10, 1950. 

9. Stivers, Louis S. , Jr,, and Malick, Alexander W. : Wind-Tunnel Inves- 

tigation at Mach Nimfcers from 0.50 to 1.29 of an Unswept Tapered 
Wing of Aspect Ratio 2.67 With Leading- and Traillng-Edge Flaps — 
Flaps Deflected in Combination. NACA EM A50K27b, 1950. 


HACA EM A5IB16 


11 


10, Mirels, Harold, and Haefeli, Eudolph C.: Llne-¥ortex Theory for 

Calculation of Supfer sonic Downwash. KACA TH 1925 ^ 19^9* 

11. Spreiter, JohnE., and Sacks, Alvin H. : Eolling Up of the Trailing 

Vortex Sheet and Its Effect on the Domrwash Behind Wings. Jour. 
Aero, Sci., January, 1951 ^ PP- 21—32. 

• Westwater, E. L. : The Eolling Up of the Surface of Discontinuity 

Behind an Aerofoil of Jinite Span. E.&. M. Ho, 1692, British, 1936, 


12 




Dimensions given m inches 



Figimei.-^ Sketch of modei and dtmnwash probe^ shonring tocations of downwash survey stations. 
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Angle of attack, a, deg 
(a)8n.O^; 8f,0" 

4,- Variation of cngte of downwash with angle of attack at several Mach 

numbers;/, 0.25s. 



Angle of dowmash, 
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Angle of downwash^ 
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Angle of attack, at, deg 
(e)S„.IO', Sf. O’. 


Ffgure 4— Continued. 




Angie of attack, at, deg 
Figure 4— Confinued. 











Angle of attack, a, deg 
(a) Sf,* O*: 8ft (f- 

Figures.— Variation of artgle of downworit with angle of attack at several Mach 

numbers; y, 0.50 s. 
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Angle of attack^ a, deg 
(a) Bn, d; Sf, d 

Figure 6,— Vcaiatibn of angle of downwash with angle of attack at several Mach 

numbers; y, a625s. 
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(c)S„,ICf‘;8f.0f’. 
Figure 6.— Continued. 
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Angle of attack, a, deg 

(d)Sn.0^;8f,2Ci: 

Conffnued. 







Angle of downwash, 
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Rate of change of angle of dowrmash with angle of attack at zero angle of attack, (d^r^da), 
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f! angh of attack at laro aaglw of 
par degreo 



Figure 8.— Variation with Mach number of rate of change of iift coefficient with angle of attack at 

zero angle of attack. 



Rate of change of angle of downwash with lift coefficient at zero angle of attack, deg 
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Fraction of semispan, (y/s) 

Figure to r- Spanwise variation of rate of change of angie of downwash with 
lift coefficient at zero angle of attack for Mach numbers of 0.5 and 0.8. 






Rate of change of downwash angle with lift coefficient at 
zero angle of attack^ (de/dCj^MOt deg 


% f 


fraction of semispan, (y/s) 



Figure II- Variation with ^>anwise location of rate of change of downwash angle with lift 
coefficient at zero angle of attack for several Mach numhers; flaps undeflected. 
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Position of mike relative to extended chord ptane of wing, fraction of c 
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Figure iZr^ Variation with Mach nf^ber and angie of attack of position of wake relatnre 
to extended chord Mane of wing. tVake surv^rcdce heated 4.74 7 downstream from 
midchord line of wing. 




Posithn of wake relative to extended chord plane of wmg, fraction of c 
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Posithn of mike relative to extended chord plane of wing, fraction of c 








Position of wake relative to extended chord plane of wir^, fraction of c 


40 


NACA RM A51316 
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Figure [2- Concluded. 
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Figure 13- Variation with angfe of attack of vertical location of maximum totai-pressure 
defect relative to extended chord plane of wing for various Mach numbers and 
combinations df flap deflections. 
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Figure i4- Variation with lift coeffident of positions of vortex sheet and center of tp-vortex core 
relative to extended chord plane of wing at various Mach numbers; flaps undeflected. 











